


















JHQHUDWH D WKUHHFDUERQ PHWDEROLWH IRU SULPDU\ FHOOXODU PHWDEROLVP DQG D WKUHHFDUERQϭϴ
VXOIRQDWH WKDW LV H[SHOOHG IURP WKH FHOO 6XOIRJO\FRO\WLF RSHURQV HQFRGLQJ DQ (PEGHQϭϵ







XVLQJ 105 H[FKDQJH VSHFWURVFRS\ (;6< D PHWKRG WKDW DOORZV FKHPLFDO H[FKDQJH RIϮϳ
PDJQHWL]DWLRQ EHWZHHQ WKH WZR 64 DQRPHUV DW HTXLOLEULXP Hs640 DOVR FDWDO\]HG WKHϮϴ
PXWDURWDWLRQ RI YDULRXV DOGRKH[RVHV ZLWK DQ HTXDWRULDO K\GUR[\ JURXS LQFOXGLQJ 'Ϯϵ
JDODFWRVH 'JOXFRVH 'JOXFRVHSKRVSKDWH DQG 'JOXFXURQLF DFLG EXW QRW 'PDQQRVHϯϬ
Hs640GLVSOD\HGRQO\IROGVHOHFWLYLW\ LQ WHUPVRIHIILFLHQF\ kFDWK0 IRU64YHUVXV WKHϯϭ








RU S\UXYDWH IHHG LQWR SULPDU\ PHWDEROLF SDWKZD\V 6/$ LV FRQYHUWHG WR ϯϵ
GLK\GUR[\SURSDQHVXOIRQDWH '+36 RU VXOIRODFWDWH 6/ E\ WKH VXOIR(03 DQG VXOIR('ϰϬ
SDWKZD\VUHVSHFWLYHO\DQGH[FUHWHGIURPWKHFHOO<HWVXOIRTXLQRYRVHLVUDUHO\HQFRXQWHUHGϰϭ





XWLOL]H64 64 LVRPHUDVH IRU WKH VXOIR(03SDWKZD\64GHK\GURJHQDVH IRU WKH VXOIR('ϰϳ
SDWKZD\DUHXQNQRZQϰϴ
$OOSURWHLQVFRPSULVLQJDVXOIR('RUVXOIR(03SDWKZD\DUHW\SLFDOO\HQFRGHGZLWKLQϰϵ
D VLQJOH JHQH FOXVWHU 7KHVH FOXVWHUV XVXDOO\ LQFOXGH DQ 64DVH ZKLFK KLJKOLJKWV WKDW 64ϱϬ
JO\FRVLGHV DUH LPSRUWDQW QDWXUDO IHHGVWRFNV IRU VXOIRJO\FRO\WLF SDWKZD\V > @ 7KH JHQHϱϭ
FOXVWHUVDOVRHQFRGHDFRQVHUYHGXQFKDUDFWHUL]HGSURWHLQDQQRWDWHGDVDQDOGRVHHSLPHUDVHϱϮ
ZKLFKOLNHO\FDWDO\VHV64PXWDURWDWLRQDQHQ]\PHDFWLYLW\\HWWREHUHSRUWHG0XWDURWDVHVDUHϱϯ






DV D VLQJOH DQRPHU ZKLFK PDNHV WKLV DSSURDFK RI OLPLWHG XVH IRU VWXG\LQJ SXWDWLYH 64ϲϬ
PXWDURWDVHV 640V$OWHUQDWLYH DSSURDFKHV WR VWXG\LQJPXWDURWDVHV KDYH HPSOR\ FRXSOHGϲϭ












DQG WKH SRWHQWLDO WR FRQGXFW WZRGLPHQVLRQDO YDULDQWV (;6< FDQ EH XVHG WR VWXG\ϳϯ




IURPHerbaspirillum seropedicaea Hs640DQG'(;6<DQGDQDO\]H LWV VHOHFWLYLW\ IRUϳϴ
YDULRXVUHGXFLQJVXJDUVZLWKDQGZLWKRXWDQDQLRQLFVXEVWLWXHQWDW&Hs640H[KLELWHGDϳϵ
EURDGVSHFWUXPRIDFWLYLW\IRUVXJDUVZLWKDQHTXDWRULDO K\GUR[\OJURXSDW&DQGZLWKRUϴϬ
ZLWKRXW FKDUJH DW& '(;6<ZDV XVHG WRPHDVXUH UHDFWLRQ UDWHV WR REWDLQ0LFKDHOLVϴϭ
0HQWHQ NLQHWLFV IRU Hs640 ZLWK 64 DQG JOXFRVHSKRVSKDWH D FRPPRQ F\WRSODVPLFϴϮ
PHWDEROLWHUHYHDOLQJDQDSSUR[LPDWHIROGSUHIHUHQFHIRU64DVDVXEVWUDWH6HTXHQFHDQGϴϯ







'*OXFRVH *OF 'PDQQRVH 0DQ 'JDODFWRVH *DO 'JOXFXURQLF DFLG *OF$ DQG'ϵϬ
JOXFRVHSKRVSKDWH *OF3ZHUHSXUFKDVHGIURP6LJPD$OGULFK'6XOIRTXLQRYRVHZDVϵϭ






DQG XhoI UHVWULFWLRQ VLWHV WR SURYLGH S(7+V640 VHH 6XSSRUWLQJ ,QIRUPDWLRQ 7KLVϵϴ
SODVPLGZDVWUDQVIRUPHGLQWRFKHPLFDOO\FRPSHWHQWµ1(%([SUHVV¶E. coliSODWHGRQWR/%ϵϵ








FRQWDLQLQJ SURWHDVH LQKLELWRU 5RFKH FRPSOHWH ('7$IUHH SURWHDVH LQKLELWRU FRFNWDLO DQGϭϬϴ





)UDFWLRQV FRQWDLQLQJ WKH SURWHLQ RI LQWHUHVW DV GHWHUPLQHG E\ 6'63$*( ZHUH IXUWKHUϭϭϰ
SXULILHGE\VL]HH[FOXVLRQFKURPDWRJUDSK\RQD+L/RDG6XSHUGH[FROXPQXVLQJϭϭϱ








ZHOO GRFXPHQWHG > @ DQG RQO\ D EULHI RYHUYLHZ LV SUHVHQWHG 7KH LQWHUFRQYHUVLRQ RIϭϮϯ
DQRPHUVE\PXWDURWDWLRQLVGHVFULEHGE\DVLPSOHWZRVWDWHHTXLOLEULXPϭϮϰ
ϭϮϱ










െܴఈ െ ݇ଵ ݇ିଵ







ቇ   ϭϯϮ
ϭϯϯ
:KHUH  ܴఈ DQG ܴఉ DUH WKH ORQJLWXGLQDO UHOD[DWLRQ UDWHV FKDUDFWHUL]LQJ WKH UHWXUQ RI WKHϭϯϰ
PDJQHWL]DWLRQV WRZDUGV WKHLU UHVSHFWLYH HTXLOLEULXP YDOXHV ܫఈ଴ DQG ܫఉ଴݇ଵ DQG݇ିଵ DUH WKHϭϯϱ
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PL[LQJ WLPHWPL[ UDQJLQJ IURPPV WRVZHUHDFTXLUHGZLWKQXPEHURI VFDQVYDU\LQJϭϵϰ
EHWZHHQDQGGHSHQGLQJRQWKHFRQFHQWUDWLRQRIVXEVWUDWH$UHF\FOHGHOD\RIVFDϭϵϱ
WLPHVRIPHDVXUHG+TUHOD[DWLRQWLPHVEHWZHHQVFDQVZDVXVHGIRUWKHDFTXLVLWLRQRIϭϵϲ
' +(;6< VSHFWUD 6SHFWUDZHUH VXEVHTXHQWO\ SURFHVVHG DQG DQDO\VHG XVLQJ72363,1ϭϵϳ
YHUVLRQ%UXNHU.LQHWLFGDWDIRUFRQYHUVLRQRIWKHȕDQRPHURI64WRWKHDDQRPHUZHUHϭϵϴ
REWDLQHGE\VHOHFWLYHO\LQYHUWLQJWKHUHVRQDQFHRI+ȕDWSSPXVLQJD*DXVVLDQVKDSHGϭϵϵ





IRU UHSUHVHQWDWLYH +105VSHFWUD ,QVWHDG WKH UDWH FRQVWDQW IRU WKHFRQYHUVLRQRI WKHĮϮϬϱ




























VXOIRTXLQRYRVLGDVH WR JHQHUDWH Į64 IURP QLWURSKHQ\O D'VXOIRTXLQRYRVLGH 31364ϮϮϱ
$QDO\VLVE\+105VSHFWURVFRS\DQGWKLQOD\HUFKURPDWRJUDSK\UHYHDOHGWKDWK\GURO\VLVRIϮϮϲ
31364ZDV FRPSOHWHZLWKLQ PLQ 64DVH ILQDO FRQFHQWUDWLRQ 0ZDV DGGHG WR DϮϮϳ
VROXWLRQRI31364ILQDOFRQFHQWUDWLRQP0LQEXIIHULQDILQDOYROXPHRIPO%XIIHUVϮϮϴ
FRQVLVWHG RI P0 VRGLXP SKRVSKDWH P01D&O LQ+2 S+  P0 VRGLXPϮϮϵ
SKRVSKDWHP01D&OLQ'2S'RUP0VRGLXPSKRVSKDWH01D&OLQ'2ϮϯϬ
S'7KH UHDFWLRQPL[WXUHZDV WUDQVIHUUHG WR WKH SRODULPHWU\ FHOO DQG DIWHU PLQ WKHϮϯϭ
PXWDURWDWLRQUDWHZDVPRQLWRUHGFRQWLQXRXVO\DW&E\UHDGLQJVSHFLILFURWDWLRQDWYDULRXVϮϯϮ











ሾߙሿ ൌ  ቄ௞షభା௞భ௘
షሺೖభశೖషభሻ೟
௞భା௞షభ
























WKDW SRVVHVV VXOIRJO\FRO\WLF JHQH FOXVWHUV DQG VXFFHHGHG LQ REWDLQLQJ :3BϮϲϭ
KHUHDIWHU Hs640 IURP Herbaspirillum seropedicaea LQ KLJK \LHOG DQG SXULW\ H.ϮϲϮ
seropedicaeaLVDQLWURJHQIL[LQJHQGRSK\WLFEDFWHULXPFDSDEOHRIFRORQL]LQJWKHLQWHUFHOOXODUϮϲϯ
VSDFHVRIJUDVVHVVXFKDVULFHDQGVXJDUFDQH>@DQGFRQWDLQVDSUHGLFWHGVXOIR('RSHURQϮϲϰ
DQDORJRXV WR WKDW RI P. putida 64 EXW ODFNLQJ LQ V\QWHQ\ )LJXUH $ >@ $ VHTXHQFHϮϲϱ
DOLJQPHQW RI WKHVH WKUHH SXWDWLYH VXOIRTXLQRYRVH PXWDURWDVHV DV ZHOO DV WZR VWUXFWXUDOO\Ϯϲϲ
FKDUDFWHUL]HGKH[RVHPXWDURWDVHV LV SURYLGHG LQ)LJXUH%Hs640VKDUHVVLPLODULW\Ϯϲϳ






WRWKHDF\FOLFDOGHK\GHLQJDODFWRVHPXWDURWDVHVIURPERWKL. lactisDQGE. coli >@Ϯϳϰ
 7KHL7$66(5VHUYHU>@SURYLGHGDKRPRORJ\PRGHORI Hs640ZLWKD&VFRUHϮϳϱ















SKRVSKRJOXFRVH LVRPHUDVH XVLQJ ' 33 (;6< >@ DQG HDUOLHU ZRUN E\ .XFKHO DQGϮϵϬ
FRZRUNHUVZKRVWXGLHGPXWDURWDWLRQFDWDO\]HGE\SRUFLQHPXWDURWDVHXVLQJ &&(;6<Ϯϵϭ
>@,QWKLVDSSURDFKDOOQXFOHLDUHH[FLWHGXVLQJDH[FLWDWLRQSXOVHZKLFKLVDOORZHGWRϮϵϮ
HYROYH RYHU D t SHULRG $ VHFRQG  SXOVH LV WKHQ DSSOLHG WR URWDWH WKH yFRPSRQHQW RIϮϵϯ
PDJQHWL]DWLRQRQWRWKHzD[LVDQGDPL[LQJLQWHUYDOWPL[DOORZVPDJQHWL]DWLRQWUDQVIHUWKURXJKϮϵϰ
FKHPLFDOH[FKDQJH$ILQDOSXOVHFUHDWHVWUDQVYHUVHPDJQHWL]DWLRQLQWKHxySODQHZKLFKϮϵϱ




RI HQ]\PHFDWDO\]HG PXWDURWDWLRQ LQ D VLQJOH 105 H[SHULPHQW )LJXUH $ VKRZV WKDW DϯϬϬ
VROXWLRQRI64GLVSOD\V+RIWKHDDQGEDQRPHUVDVLQGHSHQGHQWVHWVRIVLJQDOVDQGXSRQϯϬϭ
DGGLWLRQRIHs640RIIGLDJRQDOFURVVSHDNVDSSHDUEHWZHHQWKHDQRPHULFSURWHLQV7KLVGDWDϯϬϮ












:KLOH WKHVH H[SHULPHQWV SURYLGH LQVLJKWV LQWR WKH VXEVWUDWH VSHFLILFLW\ RIHs640ϯϭϰ
VLPSOHKH[RVHVDUHQRWSUHVHQWDWDQ\DSSUHFLDEOHFRQFHQWUDWLRQZLWKLQEDFWHULDOFHOOVDVVKRZQϯϭϱ
IRUE. coliJURZQRQYDULRXVFDUERQVRXUFHV>@2WKHUWKDQ64WKHRQO\RWKHUSK\VLRORJLFDOO\ϯϭϲ








ERWK DQRPHUV )RU TXDQWLWDWLYH GHWHUPLQDWLRQ RI UDWHV WKH VHOHFWLYH LUUDGLDWLRQPXVW EH RIϯϮϱ
VXIILFLHQWSRZHUDQGGXUDWLRQWRLQYHUWWKHWDUJHWHGPDJQHWL]DWLRQ\HWVKRXOGQRWGLUHFWO\DIIHFWϯϮϲ
WKHHTXLOLEULXPPDJQHWL]DWLRQRIWKHRWKHUVSLQSRSXODWLRQ'XHWRWKHFKHPLFDOH[FKDQJHRIϯϮϳ















VXEVWUDWH kFDWV K0P0 kFDWK00V
D64 î  î
 
E64 î  î
D*OF3 ଲ ଲ î






























GHSHQGHQFH RI DFWLYLW\ LV EHOOVKDSHG ZLWK D EURDGPD[LPXP RI DFWLYLW\ RI S'  7KHϯϳϬ













WKHLU VXEVWUDWH)RU H[DPSOH \HDVW JDODFWRNLQDVH VSHFLILFDOO\SKRVSKRU\ODWHVDJDODFWRVH WRϯϴϯ
SURGXFHD'JDODFWRVHSKRVSKDWH >@ JOXFRVHGHK\GURJHQDVH IURPBacillus megaterium ϯϴϰ










WRHs640 WKDW DUH XSUHJXODWHG LQ UHVSRQVH WR JURZWK RQ 64 > @ VXJJHVWLQJ WKDW WKHLUϯϵϱ
SULPDU\IXQFWLRQLVDVDQ64PXWDURWDVH:HVKRZKHUHWKDWHs640IURPWKHVXOIR('FOXVWHUϯϵϲ
RIH. seropedicaea FDQ FDWDO\]H64PXWDURWDWLRQZLWK D JUHDWHUkFDWK0YDOXH WKDQ IRU WKHϯϵϳ
SRVVLEOHDOWHUQDWLYHVXEVWUDWH*OF3ZKLFKLVLWVHOIDQLPSRUWDQWPHWDEROLWHWKDWIHHGVLQWRϯϵϴ
WKH (PEGHQ0H\HUKRI3DUQDV DQG (QWQHU'RXGRURII JO\FRO\WLF SDWKZD\V DV ZHOO DV WKHϯϵϵ
SHQWRVH SKRVSKDWH SDWKZD\ ,W LV SRVVLEOH WKDW WKH DFWLYLW\ RI WKH HQ]\PH RQ *OF3 LVϰϬϬ












RWKHUPXWDURWDVHV7KHVXEVWUDWH WROHUDQFHRIHs640IRUVXEVWLWXHQWYDULDWLRQDW& OLHV LQϰϭϮ





IROG ORZHU WKDQ WKDWRID*OF32QWKHRWKHUKDQGHs640FDWDO\]HVPXWDURWDWLRQϰϭϴ
ZLWKDkFDWK0YDOXHDURXQGIROGKLJKHUWKDQIRU*OF3&RPELQLQJWKHVHYDOXHVUHYHDOVWKDWϰϭϵ
Hs640 LV DSSUR[LPDWHO\ IROG PRUH SURILFLHQW DV D FDWDO\VW LQ FDWDO\]LQJ WKHϰϮϬ
PXWDURWDWLRQRI64DQG*OF3$VHQ]\PHVDFKLHYHWKHLUUDWHHQKDQFHPHQWWKURXJKVHOHFWLYHϰϮϭ
VWDELOL]DWLRQ RI WKH WUDQVLWLRQ VWDWH UHODWLYH WR WKH JURXQG VWDWH WKHVH GDWD VXJJHVW WKDW WKHϰϮϮ
DIILQLW\IRUWKHWUDQVLWLRQVWDWHRI64PXWDURWDWLRQLVDSSUR[LPDWHO\IROGJUHDWHUWKDQϰϮϯ
WKDW IRU *OF3 PXWDURWDWLRQ $V KDV EHHQ QRWHG E\ RWKHUV WKH XQXVXDOO\ KLJK UDWH RIϰϮϰ
PXWDURWDWLRQRI*OF3LVPXFKJUHDWHUWKDQWKDWRIRWKHUKH[RVHV>@DQGDSSHDUVWREHDϰϮϱ
UHVXOW RI QHLJKERULQJ JURXS SDUWLFLSDWLRQ E\ WKH SHQGDQW SKRVSKDWH JURXS >@ RXU GDWDϰϮϲ
VXJJHVWVWKDWWKHVXOIRQDWHJURXSRI64GRHVQRWSURYLGHQHLJKERXULQJJURXSSDUWLFLSDWLRQϰϮϳ
 8QGHUVWDQGLQJWKHSUHFLVHUROHRI640VLQWKHVXOIR(03DQGVXOIR('SDWKZD\VZLOOϰϮϴ












$V \HW WKH DQRPHULF SUHIHUHQFH LI DQ\ RI WKHVH HQ]\PHV LV XQNQRZQ 7KH 105 (;6<ϰϰϬ
H[SHULPHQWVXVHGKHUHLQWRSUREH640DFWLYLW\ZKLFKEXLOGRQSLRQHHULQJZRUNUHDFKLQJEDFNϰϰϭ


















.HQ 0XUUD\ 5HVHDUFK )HOORZ DQG VXOIRTXLQRYRVH ZRUN LQ <RUN LV VXSSRUWHG E\ WKHϰϲϬ




































































































































,PSRUWDWLRQ RI 64*UR DQG FOHDYDJH E\ 64DVH RU GLUHFW LPSRUWDWLRQ RI 64 SURYLGHV DQϱϴϵ







)LJXUH Herbaspirillum seropedicaea FRQWDLQV D VXOIR(' RSHURQ DQG D SXWDWLYH 64ϱϵϲ
PXWDURWDVHϱϵϳ
$2SHURQVWUXFWXUHRIP. putida64DQGH. seropedicaea VWUDLQ$8%ROGLQGLFDWHVϱϵϴ
JHQHVIRUZKLFKHQ]\PDWLFDFWLYLW\KDVEHHQELRFKHPLFDOO\GHWHUPLQHGLQDWOHDVWRQHRUJDQLVPϱϵϵ
% $OLJQPHQW RI YDULRXV SXWDWLYH PXWDURWDVHV ZLWK VHFRQGDU\ VWUXFWXUDO HOHPHQWVϲϬϬ
:3B +V40 IURP H. seropedicaea 13B <LK4 IURP E. coliϲϬϭ
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Discovery and characterization of a sulfoquinovose mutarotase using 
kinetic analysis at equilibrium by exchange spectroscopy 
 
Palika Abayakoon, James P. Lingford, Yi Jin, Christopher Bengt, Gideon J. 
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HsSQM plasmid and sequence data 
 
plasmid resistance details 
pET29-HsSQM Kan 































Table S1. Pairwise sequence comparisons of HsSQM with various hexose mutarotases.* 
 



































    14 
(23) 
GalM 
     YMR099C 
 
 
* Calculated using the “Sequence Manipulation Suite” and the following groupings of similar amino 
acids: GAVLI, FYW, CM, ST, KRH, DENQ, P.  
















Figure S1. Mutarotation of SQ monitored by polarimetry. 
4-Nitrophenyl D-D-sulfoquinovoside in 50 mM sodium phosphate, 150 mM NaCl in H2O (pH 7.1) was 
treated with sulfoquinovosidase, and after 5 min, the specific rotation was monitored as a function of 
time. pH 7.1, 26±1 °C.  
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1D 1H NMR spectra 
Sulfoquinovose (600 MHz, 15 mM, D2O) 
 
 




2D 1H-1H NOESY spectra with 1D spectrum projected onto F1 and F2 axes 
Sulfoquinovose (5 mM), no enzyme 
 




D-Glucose-6-phosphate (5 mM), no enzyme 
 




D-Glucuronic acid (5 mM), no enzyme 
 




D-Glucose (5 mM), no enzyme 
 




D-Galactose (5 mM), no enzyme 
 




D-Mannose (5 mM), no enzyme 
 
D-Mannose (5 mM), with HsSQM 
 
